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Background:

Decompression studies in the UW Diving
Physiology Laboratory have investigated the
induction of dysbaric osteonecrosis (DON) using
the sheep model of the diver and prolonged
compressed air exposures and provocative
“dropout” decompressions. Dysbaric
osteonecrosis may lead to the joint collapse of
disabling secondary osteoarthritis.

Figure 1. Sheep #192 with a flexed limb, the classic sign of
limb bends in the decompressed UW sheep. She wears a loose
collar.

Materials and Methods:

Twenty-seven adult female sheep (90.5 + 15.5 SD kg) underwent
dry-air chamber exposures at 2.27 atm abs (43 fsw, 12.8 msw) for
24 hours, then rapid or “dropout” decompression at 30 feet/min
(0.9 atm/min) to surface followed by air recompression treatment
(Modified USN Table 1A) with latencies of 4, 8, 10, or 14 hours
before recompression. One month after decompression, sheep
were injected with 99mTc-methylene diphosphonate (MDP) for
bone scans of radii and tibiae to identify “hot spots” signifying
active long-bone DON lesions. Alizarin complexone fluorochrome
was injected IV to visualize active DON. After euthanasia,

necropsies were used to confirm DON lesions seen in bone scans.

Efficacy of Delayed Recompression Treatment
43fsw = 1.30atm + 0.97atm = 2.27atm abs

Results:

Of the 27 sheep that underwent recompression in the 4
treatment groups, 12 sheep sustained DON lesions with
active remodeling. Logistic regression showed that DON
occurrence was significantly associated with hours of
delayed recompression (Wald p = 0.0146), and the odds
of developing DON were about twice as great for each
additional hour of recompression delay (odds ratio =
1.99; 95% CI [1.15, 3.45]). Based on the logistic model,
the predicted incidence of DON rose from 4% at 4 hours
to 98% at 14 hours, with the DON incidence predicted to
be 50% at 8.47 hours of delayed recompression (95% Cl
[5.30, 10.52)).
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Discussion and Conclusions:

Delaying recompression treatment of limb bends can markedly elevate
the incidence of DON and potentially increase the risk of disabling
osteoarthritis in the affected diver.
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Figure 2. Incidence of DON by latency in recompression treatment.
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Figure 3. Predicted incidence of DON by latency of recompression
treatment. Function based on Figure 2 data.

Selected References:

1. James CCM. Late Bone Lesions in Caisson Disease: Three Cases in Submarine
Personnel. The Lancet 1945: 2:6-8.

2 Jones J. P., Jr. and A. R. Behnke, Jr. (1978). "Prevention of dysbaric osteonecrosis in

Js] -air workers." Clin Orthop (130): 118-28.

g, Jones JP, Neuman TS. Dysbaric osteonecrosis. In: Brubakk AO, Neuman TS, editors.
The Physiology and Medicine of Diving. 5th ed. Edinburgh: Saunders; 2003. p. 659-
679.

4. Kindwall, E. P. (1997). "Compressed air tunneling and caisson work decompression
procedures: development, problems, and solutions." Undersea & Hyperbaric Medicine
24(4): 337-45.

5. Kunchur MG. Effect of Delayed Recompresslon Therapy in Preventing Dysbaric

osis [M.S. Thesis]: L of W dison; 1997.

6. Lehner CE, Adams WM, Dubielzig RR, Palta M, Lanphier EH. Dysbaric osteonecrosis
in divers and caisson workers. An animal model. Clin Orthop 1997 (344):320-32.

7. Lehner CE, Wilson MA, Dueland RT, Nordheim EV, Kunchur MG, Taya Y, Kawashima
M, Pollard AA. Early recompression treatment of limb bends can prevent dysbaric
osteonecrosis. Proceedings of the 14th Meeting of the United States-Japan
Cooperative Program in Natural Resources (UINR), Panel on Diving Physiology. 1998.
p.117-137.

8. Lin T-F. Early Diagnosis, Prompt Recompression Treatment, and Histopathology of
Experimentally Induced Dysbaric Osteonecrosis in Sheep [Ph. D. Dissertation]:
University of Wisconsin-Madison; 1995.




